mosquitoes (Brown et al., 1991) . The feeding rate of adult M. notius on various zooplankton was studied under laboratory conditions (Xie and Yang, 2000) .
The aims of this paper are: (i) to study the effect of temperature in laboratory experiments on the development, growth and reproduction of M. notius from subtropical Lake Donghu; and (ii) to describe the seasonal dynamics of various stages of M. notius in the lake during 1980-1982 with a discussion of the possible factors leading to these patterns.
S T U DY A R E A S
Lake Donghu (East Lake) (30°33ЈN, 114°23ЈE) is a shallow lake with an average depth of 2.5 m. It is located in the middle reaches of the Yangtze river,~5 km away from the river, and has a surface area of 32 km 2 . In the latter half of the 1960s, the lake was divided, by artificial dikes, into several parts: Guozheng Hu, Tanglin Hu, Hou Hu, Miao Hu and Niuchao Hu. Zooplankton sampling was conducted at two stations of the Guozheng Hu area (Figure 1 ). Station I is a littoral station located in the middle of Shuigo Hu Bay, near the west end of the lake. Station II is in the central part of the Guozheng Hu area. Water depth usually fluctuated from 1.8 to 3.0 (mean 2.0) m at Station I and from 3.5 to 4.7 (mean 4.0) m at Station II.
The dissolved oxygen content (DO) is often high. Nowhere is there an anoxic layer that might be stressful for aquatic animals. The DO content is usually slightly lower at Station I than at Station II. No macrophytes have been observed at the two sampling stations since the 1970s. During 1980-1982, heavy cyanobacterial blooms (mainly composed of Microcystis, Anabaena and Oscillatoria) occurred in the summer of each year. The annual average phytoplankton biomass varied between 9.46 and 23.52 mg l -1 at Station I and between 9.22 and 22.33 mg l -1 at Station II. The phytoplankton community was dominated by Cyanophyceae (Wang, 1990) .
The lake was densely stocked with fishes and the annual fish yield during 1980-1982 reached as high as 466-565 kg ha -1 , of which >80% were two planktivorous filterfeeding fishes: silver carp and bighead carp (Huang and Xie, 1995) .
M E T H O D
Laboratory studies on the development of M. notius at different temperatures Individuals of M. notius were collected from Lake Donghu. These animals and their offspring were used for observations. The animals were kept in large test tubes filled with 70-80 ml of filtered lake water (mesh size 50 µm). These test tubes were placed in thermostatically controlled water baths, constant to within a range of ±0.5°C, at 15, 20, 25 and 30°C. To minimize acclimation effects, the temperature of the lake water at the time of collection corresponded approximately to that at which the prospective development rate was to be studied.
Filtered fresh lake water with condensed pond algae (Chlamydomonas, Euglena, Cryptomonas, Scenedesmus) was used as the culture medium for nauplii and copepodite I and II stages. The food level in each test tube was 100 000-200 000 algal cells ml -1 . After copepodite II stages, yeast powder (0.3 mg ml -1 ) was also added to the medium. Medium was replaced every 2 days. Two 40 W fluorescent light tubes were used to supply light for each water bath with a photoperiod synchronized approximately with that of the lake.
Adult females collected from the field or originating from culture experiments were used for observation of egg duration. Each female was kept individually in a culture tube. The period of time from extrusion of eggs into egg sacs to hatching was recorded as the egg duration.
A total of 20-25 individuals (ind.) of the first stage nauplii (which originated from broods hatched from females used for the egg duration experiments) were cultured in a test tube to determine the duration of combined naupliar instars. Ten to fifteen individuals of the first stage copepodites were cultured in a test tube to determine the duration of the combined copepodite instars.
Copepodites that reached the copepodite I stage were kept in individual culture tubes (one male and one female in each tube) during their entire life spans. The body length (mm), physiological longevity (days) of adults, brood size (egg number) and total brood number produced per female were recorded. Body length was measured under a microscope from the anterior end of the cephalothorax to the tip of the furcal rami.
To relate duration (K; days) to water temperature (T;°C ), the following curvilinear logarithmic equation was used (Bottrell, 1975) :
Estimations of biomass and production of M. notius
The dry weight of M. notius was estimated according to the following formula (Chen, 1981) :
where W is the dry weight (µg) and L is the body length (mm). This formula was obtained from measurements of the adults of 13 calanoid and four cyclopoid species from various geographical regions of China. The average dry weights of individual nauplii and eggs were taken to be 0.399 and 0.0881 µg, respectively (Chen, 1981) .
The production of M. notius was assessed using the formula of Winberg et al. (Winberg et al., 1971) :
where P is the daily production (mg dry wt m -2 day -1 ); N e , N n and N c are the densities of eggs, nauplii and copepodites (ind. l -1 ), respectively; T e , T n and T c are the durations of eggs, nauplii and copepodites (days), respectively; and W e , W n and W c are the daily increments of eggs, nauplii and copepodites (ind. l -1 ), respectively.
Total production of M. notius during t 1 -t n was calculated as follows:
Since when the animals become adults, they almost cease growing, adults and copepodites were combined in the calculation of biomass and production.
Sampling, counting and identification of copepods from Lake Donghu
Quantitative samples of planktonic Copepoda were taken using a 5 l modified Patalas bottle sampler. At each station, samples were taken 2-8 times each month (more frequently in the warm months). Each sample was the mixture of several subsamples collected between the surface and the bottom at 0.5 m intervals. The samples were taken by straining 30-50 l of the lake water through a 60-µm-mesh plankton net. Nauplii, copepodites, females and males of various copepods in the quantitative samples were identified and counted separately. Since it was rather difficult to separate nauplii of M. notius from those of two Thermocyclops species (T. hyalinus and T. taihokuensis), the nauplius number of these species was assumed to be proportional to their copepodites. To identify and count adult copepods, the whole sample (30-50 l) was examined. To identify and count nauplii and copepodites, usually 1/30-1/5 of the original mixed sample was examined, but when the population density of a certain species was very low, all individuals in the whole sample (30-50 l) were examined. Identification of copepod species was mainly according to Shen (Shen, 1979) . There was confusion about the taxonomic status of Mesocyclops in Lake Donghu. The species was originally considered to be M. leuckarti (Chen, 1965) . Xie and Takamura (Xie and Takamura, 1997) reidentified it as M. notius after reference to Kiefer's revision of Mesocyclops (Kiefer, 1981) .
Mesocyclops notius was first described by Kiefer (Kiefer, 1981) from subtropical New South Wales, Australia, and re-described from l'Apex lake, tropical Queensland, by Dussart and Fernando (Dussart and Fernando, 1988) . This species was previously considered to be endemic to Australia (Timms and Morton, 1988) . Specimens from subtropical Lake Donghu are re-identified as M. notius because of their close morphological affinities with the Australian species in the following aspects: the structures of the receptaculum seminis, the structure of the precoxal plate of P4, the absence of a spine at the inner margin of the basipodite of P1, the spines present at the base of the lateral and external furcal setae, and the general pattern of spines on the frontal side of the basipodite of the antennae (Xie and Takamura, 1997) .
R E S U LT S Effect of temperature in laboratory studies on the development and growth of M. notius
Development times of various stages (eggs, nauplii and copepodites), the body length and physiological longevity (expressed as the mean duration of life) of adults (males and females), and the total brood number produced per female were inversely related to water temperature (Appendix I; Table I ). The curvilinear logarithmic temperature function gave an extremely good description of these relationships (Figure 2) , indicating that the developmental duration of various stages of M. notius was strongly dependent on temperature. At all temperatures, both body length and physiological longevity of females were greater than those of males. Female brood size reached a maximum at 25°C and no reproduction took place at 15°C.
Biomass, production and P/B ratio of M. notius
Mesocyclops notius showed a pronounced seasonality in its biomass, production and P/B ratio (Table II) . The biomass was much higher in summer and autumn than in winter and spring at both stations. At Station I (II), 55-78% (46-75%) of the annual production occurred in summer. The highest seasonal P/B ratio was observed in summer, coinciding with the maximum water temperature. The annual P/B ratio of M. notius varied between 70.1 and 98.0 at Station I, and between 74.6 and 95.5 at Station II.
Seasonal dynamics of various stages of M. notius
Mesocyclops notius is a warm-water species, which showed its highest density peaks in the warm months (July-October) (Figures 3 and 4) . In each year, there were ~6-8 visible JOURNAL OF PLANKTON RESEARCH VOLUME  NUMBER  PAGES -  density peaks of nauplii, copepodites and adults, suggesting the presence of 6-8 generations. Generally, peaks of adults were less obvious, probably due to their longer development. The generations might have overlapped to some extent due to repeated egg production by females (Table I) . Inter-year comparisons revealed that at both stations the abundance of M. notius was highest in 1981 and lowest in 1980 (Figures 3 and 4 ; Appendixes II and III). The individuals of various stages of M. notius were more abundant at the littoral station than at the pelagic station. During the study period, the maximum densities of nauplii, copepodites, males, females and total copepods of M. notius were 965.0, 277.7, 32.7, 24.1 and 1256.0 ind. l -1 at Station I, and 640.8, 108.2, 10.5, 16.0 and 719.9 ind. l -1 at Station II. The density of adult M. notius was relatively low compared with that of nauplii and copepodites.

During 1980-1982, the annual mean of the sex ratio of adult Cyclops vicinus (adult male/total adults) was 53.1, 55.81 and 53.6% at Station I, and 51.9, 49.2 and 50.9% at Station II. Obviously, it was higher at the littoral station than at the pelagic station.
Species composition and abundance of various copepods
The present survey indicated the presence of 10 copepod species (Table III) . Mesocyclops notius was the most abundant species, followed by the cyclopoid C. vicinus and the calanoid Schmakeria forbesi. Cyclops vicinus are cold-water forms, which showed their highest density peaks in winter and early spring (December-April). The benthic Eucyclops serrulatus were only captured occasionally in the plankton samples. Total cyclopoid copepods were more abundant P. XIE AND X. CHEN STUDIES OF MESOCYCLOPS NOTIUS FROM LAKE DONGHU, CHINA  Fig. 2 . The relationships between mean durations of eggs, nauplii and copepodites and temperature for M. notius from Lake Donghu. at the littoral station than at the pelagic station, but total calanoid copepod abundance was almost the same at both stations. On average from 1980 to 1982, M. notius contributed as much as 55-61% of total copepod density. The proportion of calanoids in the total copepod density was only 20-25%.


D I S C U S S I O N
Most production values for individual copepod species were reported to vary between 0.2 and 10 g dry wt m -2 (Waters, 1977) . In Tjeukemeer, the annual production of M. leuckarti ranged between 0.38 and 0.88 g dry wt m -2 year -1 for the period 1969-1971 (Vijverberg and Richter, 1982) . In Lake Kinneret, the average production of M. leuckarti for the period 1969-1975 was as high as 60 g dry wt m -2 year -1 (Gophen, 1978) . In the present study, at the mid-lake station of Lake Donghu, the annual production of M. notius for the period 1980-1982 varied between 6.0 and 18.0 g dry wt m -2 year -1 .
In both temperate and subtropical waters, the P/B ratio of most copepod species ranges from 5 to 30 (Vijverberg and Richter, 1982) . In Lake Kinneret, the average annual P/B ratio of M. leuckarti was 37.2 (Gophen, 1978) . In Tjeukemeer, the annual P/B raio of M. leuckarti varied between 53.5 and 59.5 (Vijverberg and Richter, 1982) . In the present study, the annual P/B ratio of M. notius in Lake Donghu reached as high as 70.1-98.0.
There have been no published data on the temperature-dependent developmental process for M. notius before. Sometimes, development times are very variable even for the same copepod species, e.g. durations of eggs, nauplii and copepodites reported by Gophen (Gophen, 1976) for M. leuckarti in Lake Kinneret are 1.5-3.5 times higher than those given by Vijverberg (Vijverberg, 1980) for the same species in Tjeukemeer. Such variations in development rates at the same temperature my be genetically determined or may be due to differences in food (Vijverberg, 1980) . Durations of eggs, nauplii and copepodites for M. notius in our study are generally similar to those reported by Vijverberg for M. leuckarti at temperatures of 15-25°C (Vijverberg, 1980) . At 15 and 20°C, the longevity values of the adult males of M. notius in our study are ~1.7 times higher than those of Vijverberg (1980) for M. leuckarti (Vijverberg, 1980) , but the longevity of adult females is very similar to his results. Mesocyclops leuckarti from Tjeukemeer is able to reproduce at 5°C (Vijverberg, 1980) , but our results show that M. notius from Lake Donghu ceases to reproduce at 15°C.
P. XIE AND X. CHEN STUDIES OF MESOCYCLOPS NOTIUS
The middle and lower basins of the Yangtze river are predominated by a warm, humid, northern subtropical climate (Liu, 1984) . In 1980-1982, the monthly mean water temperature of Lake Donghu was >15°C during May-October, and M. notius reproduced continuously during this period of time. However, when the monthly mean water temperature declined to <15°C during the cold months (December-March), no reproduction and recruitment by M. notius took place since egg-bearing females never occurred. This is also in agreement with our laboratory experiment result that M. notius can not reproduce at a water temperature of 15°C. In Lake Donghu, M. notius probably entered diapause in the sediment during winter as some copepodite stage(s), since both adults and juveniles were extremely rare in the water column during this period of time. Since no experimental study on the Australian M. notius has been reported, we still can not make physiological comparisons between the populations from Australia and China.
Our laboratory culture experiments also suggest that if the water temperature is >20°C year round, M. notius can reproduce continuously. Year-round reproduction of M. notius has been reported from tropical waters of Australia. In Solomon Dam (a tropic reservoir), where annual surface water temperature varied between 20 and 34°C, M. notius occurs in the water column throughout the year, and the year-round presence of nauplii and egg-carrying females was evidence of continuous reproduction and recruitment (Hawkins, 1988) . In Ja Ja billabong (in the tropical Alligator Rivers Region), where water temperatures were generally within the range 22-38°C, M. notius occurred perennially (Tait et al., 1984) .
Mesocyclops notius feed on a wide variety of zooplankton, protozoans, rotifers, cladocerans, and even juvenile copepods (copepodites and nauplii), and they prefer small prey to large ones (Xie and Yang, 2000) . During 1980-1982, the annual average abundance (ind. l -1 ) of protozoa varied between 12 072 and 21 288 at Station I, and between 5263 and 10 183 at Station II; that of Rotifera varied between 1263 and 3555 at Station I, and between 510 and 1538 at Station II; and that of Cladocera varied between 29 and 58 ind. l -1 at Station I, and between 38 and 47 ind. l -1 at Station II (Huang, 1990) . Apparently, the potential food resources of M. notius were greater at the littoral station than at the pelagic station, which may explain the high abundance of M. notius in the littoral zone.
Our laboratory culture experiment shows that the JOURNAL OF PLANKTON RESEARCH VOLUME  NUMBER  PAGES -  physiological longevity of females of M. notius is greater than that of males (Table II) . Thus, if it is assumed that the percentage of subadult females of a copepod, relative to the total number of subadults, is very near to 50%, one would expect more females than males to be present if no other factors affect this ratio (Vijverberg, 1977) . In Lake Donghu, the sex ratio of M. notius was very close to 50% at the pelagic station, but males were relatively more abundant at the littoral station. In other words, the larger females were relatively less abundant than the smaller males at the littoral station. An acoustic survey shows that fish density in the shallow area of Lake Donghu (Area A-I, where Station I is situated) is about twice that of the deep area (Area H-Q , where Station II is located) (Tatsukawa et al., 1989) . Growth in body length and weight of two major fishes, silver carp and bighead carp, takes place from April to late October with a peak in July-September (Liu et al., 1982) . Therefore, it is most likely that the higher male:female sex ratio of M. notius at the littoral station in Lake Donghu was caused by sizeselective fish predation on the larger females. In Lake Tjeukemeer, Acanthocyclops robustus, a species with the largest difference in size between the two sexes, showed the highest male:female sex ratio, which was attributed to size-dependent mortality caused by size-selective fish predation; A. robustus and M. leuckarti show their highest male:female sex ratio in summer when fish predation is the greatest (Vijverberg, 1977) . It may be concluded: (i) that in subtropical Lake Donghu the warm-water M. notius predominates in the summer copepod community but ceases to reproduce in the cold winter when the water temperature declines to <15°C, while in the tropical Australian waters, it reproduces year round since the water temperature there is always >20°C; and (ii) that the seasonal patterns of M. notius in Lake Donghu are probably shaped both by food availability and size-selective fish predation. N, nauplii; C, copepodites; M, males; F no egg , females without egg; F egg , egg-bearing females; T, total; WT*, water temperature at 0.5 m depth.

AC K N OW L E D G E M E N T S
